The objective of this study is to assess the investment feasibility analysis of rainwater harvesting in a building located in Brazil. Rainwater was used to supply toilets, cleaning and irrigation. The costs of materials, labour and maintenance were obtained to carry out the economic analysis; the indicators used were the net present value, internal rate of return and payback period. The investment feasibility analysis and the potential for potable water savings were obtained by means of computer simulation. The potential for potable water savings ranged from 26.70% to 64.70%. The net present value, internal rate of return and payback period for the best scenario were, respectively, R$132,801.47, 3.73% per month and 32 months. For the worst scenario the net present value was R$9,451.26, the internal rate of return was 0.91% per month and the payback period was 166 months.
INTRODUCTION
Climate change and the increasing demand for potable water for agricultural and urban development require water beyond water resources available. Arid and semiarid regions have been facing problems of water scarcity, both for potable and non-potable purposes (Adham et al. ) . Lee et al. () state that rainwater harvesting has to be incorporated into the water resource and climate change policy, especially in urban areas where potable water availability is decreasing due to the rapid increase in population and water consumption. In the current scenario, rainwater harvesting is one of the possible alternatives to be considered due to future climate changes and lack of potable water (Kahinda et al. ) .
This study presents an analysis of rainwater harvesting in a building located in Brazil. Brazil is a country whose population distribution and water resources vary greatly over its territory. According to the Brazilian National Water Agency (ANA ), the population density of the south-eastern region is 86.92 inhabitants per square kilometre and has only 6.0% of the available water resources. On the other hand, the northern region has 68.5% of the water resources, but only 4.12 inhabitants per square kilometre. In densely urbanized regions, where roofs account for large areas, rainwater harvesting is an interesting alternative to supply water for non-potable purposes. Domestic rainwater harvesting system is a compatible water supply technique in order to allow for potable water savings in urban areas where there is water scarcity and high demographic concentration (Campisano et al. ; Palla et al. ) .
The water supply to cities requires a notable amount of other resources such as energy and infrastructure. Also, around the world, the availability of water resources is decreasing due to water pollution as a consequence of urbanization and industrialization. The practice of using rainwater must be widespread in order to lessen the pressure on main water supply (Haque et al. ) . The feasible benefits that result from rainwater harvesting are the reduction of potable water demand, decreasing of runoff into the urban drainage system and a reduced risk of overflow from storm events (Zhang et al. ) .
Zhang et al. () studied the potential for potable water savings by using rainwater and efficient domestic facilities in buildings in various cities in Australia and concluded that a good water demand management was a quite efficient measure to replace potable water. Potable water savings ranging from 29.9% (Perth) to 32.3% (Sydney) were obtained.
From several studies, it can be seen that it is necessary and important to promote the development of rainwater harvesting as an alternative water resource.
OBJECTIVE
The objective of this paper is to estimate the potential for potable water savings and perform an economic analysis for different scenarios of rainwater demand in a building in the city of Florianópolis, southern Brazil. Average rainfall is 1,500 mm per year average and air relative humidity is 85% (Andrade ). Over the summer season, there is usually lack of water in some areas of Florianópolis, mainly in the northern island. This is due to the great number of tourists.
METHOD

The building
The object of study in this work is a public building located in northern Florianópolis. The building is composed of two blocks as shown in Figure 1 . The roof of the blocks and part of the parking area is composed of photovoltaic panels, with a floor plan area equal to 526.00 m 2 . Rainwater will be used to flush toilets, cleaning (external taps), and irrigation (garden taps).
Rainwater tank sizing
Potable water demand
As the building is new with no occupation when this study was performed, the potable water demand was estimated according to the city legislation (Law #060/2000 of the city of Florianópolis). The total number of users was estimated based on the floor plan area; and the potable water demand per person was obtained according to the activities in the building.
Rainwater demand
In a rainwater harvesting system it is necessary to know the rainwater demand. In this work, the rainwater demand was obtained based on studies that estimated the water end-uses for actual buildings. From the end-uses obtained, a range of figures was chosen to perform the simulations in order to account for the unknown rainwater demand in the building.
Rainfall
Rainfall data were obtained from a meteorological station located at the latitude 27 36 0 S and longitude 48 37 0 W, i.e.
near the study area. Simulations were performed using daily rainfall from 2001 to 2014. 
Roof area
The catchment area considered was the horizontal projection of the impermeable surface, that is, the roof area, as recommended by the NBR 15527 (ABNT ). The shape, orientation and slope of the roof in relation to the highest occurrence of winds were verified in order to ease the collection of rainwater.
Runoff
The runoff coefficient was obtained from the literature based on the type of roof used in the building.
Tank sizes
Two rainwater tanks were sized, i.e. a lower and an upper tank. Rainwater was pumped from the lower to the upper tank. The capacity of the upper tank was estimated to store rainwater to supply the rainwater demand over a day. The capacity and location of such a tank took into account the space available in the building. As for the lower tank, technical and economic aspects were also taken into account. Its capacity was estimated by means of computer simulations using the Netuno computer programme, version 4 (Ghisi & Cordova ). The maximum capacity considered in the simulations was defined according to the available area and existing restrictions for placing the tanks.
Rainwater quality
In order to guarantee the quality of rainwater, a first-flush device will be used to divert the rainwater used to clean the roof. In addition, rainwater stored in the lower tank will receive physical-chemical treatment according to NBR 15527 guidelines (ABNT ).
Economic analysis
The economic feasibility analysis of the rainwater harvesting system was carried out using the Netuno computer programme. The net present value, internal rate of return, and discounted payback period of the investment were estimated.
As input data to the programme, the costs of the following components are required: pipes, motor pump and accessories, as well as labour and maintenance costs.
Water, sewage and electricity tariffs were obtained from the utilities, as well as taxes and the frequency tariffs increase.
The minimum acceptable rate of return was taken as the 
RESULTS
Potable water demand
The building is classified as a building providing a teaching service, which, in accordance with current legislation, the number of users was estimated considering one person for Therefore, rainwater demands of 50%, 60%, 70% and 80%
were used to perform the simulations. Table 1 shows the places and quantity of appliances which will be supplied with rainwater.
Rainfall
Daily rainfall from 1st September 2001 to 30th June 2014 was used to perform the simulations (Figure 2 ). The average daily rainfall was 4.9 mm.
Roof area
The sloped metal roof of block B was taken in its entirety to collect rainwater; its horizontal projection area was 180.60 m². As for the curved metal roof of block A only the area facing north was considered to collect rainwater; the area facing south was not taken into account because it is small. Therefore, the horizontal projection area of block A was then 354.40 m². The total catchment area considered to collect rainwater was 526.00 m².
Runoff
The metal roof of both blocks is covered with photovoltaic panels, which are smooth and vitreous. Therefore, a runoff coefficient equal to 0.90 was adopted.
Upper rainwater tank
The maximum capacity of each upper rainwater tank would be 2,640 L in block A and 1,480 L in block B, considering the water demand equal to 50 L/person·day and rainwater demand equal to 80% of the water demand.
However, as there are taps and limitation of space where the tanks will be placed, four upper rainwater tanks were used in block A and two in block B. Figure 3 shows the details for two rainwater tanks in block A. Such configuration was chosen in order to allow for maintenance and cleaning the tanks. The 100 L tank was used to supply the taps; it was placed at a higher level in order to guarantee head pressure in the taps. The 1,000 L tank was used to supply the other appliances. A similar configuration was also used in another place in block A, but with tank capacities of 100 and 1,500 L. Therefore, the total upper rainwater tank capacity in block A was 2,700 L. As for block B, one 100 L and one 1,500 L upper tanks were used. The total upper rainwater tank capacity in block B was 1,600 L.
Lower rainwater tank Table 2 shows the input data used to perform the computer simulations to select the ideal lower tank capacity and the corresponding potential for potable water savings. Due to limitation of space, the maximum lower tank capacity was Table 2 . It is possible to observe that the potential for potable water savings increases as increases the lower rainwater tank capacities. Table 3 shows the lower tank capacities chosen for each rainwater demand, as well as the corresponding potential for potable water savings and percentage of days in which the rainwater demand is supplied with rainwater. The chosen lower tank capacity was 10,000 L. Then, two 5,000 L tanks were used (one 5,000 L tank was already included in the design). 
Potential for potable water savings
Rainwater quality
Considering that rainwater will be used for toilet flushing, garden irrigation and cleaning, the treatment chosen was filtration of solids and the application of chlorine. Tables 5 and 6 show the input data used to perform the economic analysis using the Netuno computer programme.
Economic analysis
The economic analysis was performed over a period of 20 years due to the lifespan of motor pumps. Energy and water to the number of upper rainwater tanks). Table 7 shows the net present value, internal rate of return, and discounted payback period for each water demand and rainwater demands equal to 50% and 80% of water demand. 
CONCLUSIONS
This paper assessed the possibility of using rainwater for non-potable purposes in a building located in southern Brazil. Rainwater will be used for flushing 10 toilets and supplying seven taps that will be used for cleaning and irrigation. Based on computer simulations that took into account daily rainfall, and different water and rainwater demands, a lower rainwater tank capacity of 10,000 L was considered adequate. As for the upper tanks, their total capacity equals to 4,300 L. Motor pumps are used to pump rainwater from the lower to the upper tanks.
For all scenarios (water demands from 15-50 L/person·day and rainwater demands from 50-80% of the water demand), the potential for potable water savings ranged from 26.70%
to 64.70%. Based on the economic analysis all scenarios were considered feasible as the lowest internal rate of return (0.91% per month) is higher than the minimum acceptable rate of return (0.59% per month) and the longest payback period (166 months) is shorter than the lifespan (20 years).
The method shown herein can be easily applied by others to assess the potential for potable water savings by using rainwater and also to perform the investment feasibility analysis. It takes into account the assessment of potable water savings by means of computer simulation on a daily basis using daily rainfall, which leads to more accurate results.
